Introduction
Osteosarcoma is the most common primary malignant bone tumor which seriously affecting children and adolescents in particular [1] . Currently, the primary treatment of osteosarcoma includes neoadjuvant and adjuvant poly-chemotherapy, and radical resection of the tumor between the chemotherapy cycles. This multi-modal treatment strategy raises the overall survival (OS) from 10-20% up to 65-70%, but metastasis remains the biggest obstacle to clinical prognosis [2] . The osteosarcoma originates from mesenchymal cells such as immature bone and bone-like tissue, which contributes to high invasiveness and early metastasis [3] . Dramatic differences were observed in the prognosis of
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International Publisher osteosarcoma patients with or without distant metastasis [4] . Patients with synchronous distant metastasis often lose the opportunity for standardized treatment lead to the worse prognosis. Some patients develop metastases during treatment, and they have a poor prognosis which is similar with synchronous distant metastasis. However, patients with metachronous metastatic relapse frequently exists metastasis after standardized treatment especially during the follow-up, which is the main reason for clinical treatment failed [5] [6] [7] . It is an important step to summarize the characteristics of patients with metachronous metastatic relapse to find more pieces of evidence and clinicopathological characteristics for predicting the outcome of patients after receiving standard treatment. Furthermore, some future inspection or treatment might be taken to postpone the occurrence of metastasis and detect metastatic relapse in the early stage through effective follow-up. Until now, there are few relevant studies related to the clinicopathological characteristics of osteosarcoma patients with metachronous metastatic relapse. Hence, it is essential to conduct a comprehensive study including all possible prognostic factors of these patients.
This study was to relatively and comprehensively analyze and compare clinicopathological characteristics and prognostic factors among relatively 59 patients with metachronous metastatic relapse. We verified the features of patients who are more likely to progress to early metastatic relapse after receiving standard treatment and established the corresponding theoretical basis for seeking potential mechanisms and reduce the rate of metachronous metastatic relapse to further improve the prognosis of osteosarcoma patients.
Patients and Methods

Inclusion and exclusion criteria
The study was employed as a retrospective analysis of children and adolescent osteosarcoma patients with metachronous metastatic relapse. At the Orthopedic Surgery Department of Harbin Medical University Cancer Hospital, China, 198 patients had been histologically confirmed osteosarcoma between January 1st, 2004 and December 31st, 2013. The study design was approved by the ethics review board from Harbin Medical University Cancer Hospital. All patients signed informed consent.
Among these patients who met the following criteria were included in the study.
(1) Patients underwent a complete physical examination, imaging examinations, and blood tests at preoperatively.
(2) All patients in the study had received radical surgery (R0, an absence of a residual tumor both macroscopically and microscopically) either amputation or limb salvage surgery.
(3) Metastatic tumors occurred at least three months after patients had been completed the standard treatment. If a biopsy was feasible for the suspicious distant metastatic lesion, after biopsy, patients were diagnosed with metastatic osteosarcoma. If positions of the suspicious lesion were unfeasible for a biopsy, it was necessary to exclude the possibility of the primary tumor according to the independent diagnosis which was made by three or more experts including a musculoskeletal radiologist, musculoskeletal oncologist, and chest oncologist.
(4) All selected patients had not been received pre-operative radiotherapy.
(5) Clinicopathological data and follow-up data were available.
(6) Based on the median time to metastasis (16 months), the patients were separated into the early metastatic (EM) group and late metastatic (LM) group. The EM group included patients who developed metastatic relapse within 3 to 16 months after standard treatment. The LM group included patients their time to metastasis was longer than 16 months.
(7) Based on the length of survival after metastasis, the patients were separated into the shorter survival (SS) group and the longer survival (LS) group. The SS group refers to the length of survival after metastasis was shorter than 12 months. The LS group refers to the length of survival after metastasis was longer than 12 months.
Among these patients who met the following criteria were excluded in the study.
(1) There was a metastatic tumor at the time of diagnosis or during the treatment.
(2) Unable to perform a biopsy or inconsistent diagnosis by the experts.
(3) There were incomplete clinicopathological data or follow-up data.
Treatment protocols
Patients who met the above criteria had received a standardized treatment, including preoperative neoadjuvant chemotherapy for 3 cycles (3 weeks per cycle), and radical surgery and postoperative chemotherapy for additional 8 cycles (G1 patients only underwent surgery). Neoadjuvant chemotherapy protocol consisted of cisplatin (100 mg/m 2 D1) and doxorubicin (60-80 mg/m 2 for 3 days). Postoperative chemotherapy protocol consisted of cisplatin (100 mg/m 2 D1) and doxorubicin (60-80 mg/m 2 for 3 days) with or without ifosfamide (8-10 mg/m 2 for 5 days). Treatments followed by metastasis included previous chemotherapy protocol, second-line chemotherapy protocol, surgery, radiotherapy, and clinical trial, but the treatment regimens were not uniform.
Data collection
Data on basic patient characteristics (gender and age), clinicopathological features (duration of symptoms, tumor diameter, histological grade, site of primary tumor, Enneking stage, pathological fracture, anatomic location, pathological types, surgical methods, type of metastasis, and treatment after metastasis), laboratory parameters (serum alkaline phosphatase ALP and lactate dehydrogenase LDH ), imaging examinations (X-Ray, CT, MRI, bone scanning), and treatment information were collected from the medical records by trained investigators.
Follow-up
The postoperative follow-up at least included: (1) Physical examination, imaging of primary site and chest and laboratory tests every 3 months for the first 2 years after initial treatment at the orthopedic clinic, then every 4 months for the third year and every 6 months for the fourth and fifth year, and yearly thereafter.
(2) Patients' survival was calculated from initial treatment to death or the last follow-up date (31st Dec 2017).
(3) All data were anonymized and de-identified.
Statistics
The Chi-square test was used to analyze correlations between classified variables, including the different group of patients and clinicopathological data. The Kaplan-Meier method was used to evaluate the survival data. The cox step proportional hazard test was used to analyze the prognostic factors associated with overall survival. The two-sided P <0.05 was considered to be statistically significant. All data analysis was processed using SPSS 19.0.
Results
Overall cohort characteristics
Based on the designed criteria, this retrospective cohort consisted of 59 patients of osteosarcoma patients with metachronous metastatic relapse, including 37 patients (62.7%) were categorized as EM group, 22 patients (37.3%) as LM group, 35 patients (59.3%) as SS group and 24 patients (40.7%) as LS group. Lung was the main metastatic organ (51/59). There were 16 cases of solitary pulmonary metastases and 35 cases of multiple pulmonary metastases. Other metastatic organs included bone (10/59) and liver (8/59). Median metastatic time of the patients was 16 (3-72) months. The median age was 15 years, and the male/female ratio was 1.19:1.
Clinical symptoms and laboratory test
Arthralgia was observed in most patients (84.7%), tumor mass was 76.3%, claudication was 37.3%, and the pathological fracture was 11.9% at the time of diagnosis. Other common symptoms included general malaise (40.7%), fever (20.3%), weight loss (15.3%) and anemia (13.6%). Patients with elevated alkaline phosphatase (ALP) and lactic dehydrogenase (LDH) at diagnosis accounted for 66.1% and 16.9%, respectively.
Tumor features
Most tumors were located nearby the knee joint (81.4%). The median tumor diameter was 10.2 (2.3-17.5) cm. Majority of the tumors were the histological grade G2 (93.2%), were Enneking stage II (93.2%).
Overall survival
By the end of the follow-up period, there were 43 cases of patient deaths. Overall, the 1-, 2-, and 3-year event-free survival rates were 79.7% (47/59), 28.8% (17/59) and 23.7% (14/59), respectively. The 2-, 3-, and 4-year survival rates were 69.5% (41/59), 40.7% (24/59), and 30.5% (18/59), respectively. Median overall survival (OS) was 31 (19-110) months, median OS of groups EM and LM were 24 (19-46) months and 83 (32-110) months.
Comparison clinicopathological characteristics between early-and late-metastatic group
We used the Chi-square test to compare clinicopathological characteristics between the early-and late-metastatic group of osteosarcoma patients with metachronous metastatic relapse. Early metastatic group patients were more likely to be male (p=0.034), tumor size ≥8 cm (p<0.001), higher histological grade (p=0.016), higher Enneking stages (p=0.004), anatomic location of distal femur (p=0.001), pathological of conventional types (p=0.002), and elevated alkaline phosphatase (ALP) level at diagnosis (p<0.001). There is no statistical significance between these indicators, age (p=0.763), the duration of symptoms (arthralgia, intermittent claudication, weight loss, anemia, etc. p= 0.114), site of primary tumor (p=0.211), pathologic fracture (p=0.702), surgical methods (p=0.188), LDH level at diagnosis (p=0.294) ( Table 1) . Comparison clinicopathological characteristics between short-and long-survival group.
We used the Chi-square test to compare clinicopathological characteristics between the short-and long-survival group of osteosarcoma patients with metachronous metastatic relapse. Short survival group patients were more likely to be tumor size ≥8 cm (p<0.001), higher histological grade (p=0.012), higher Enneking stages (p=0.007), early metastasis (p<0.001), multiple pulmonary metastasis (p=0.001), lack of curative treatment (p=0.001), elevated ALP level at diagnosis (p<0.001) and elevated LDH level after metastasis (p=0.006). There is no statistical significance between these indicators, gender (p=0.109), age (p=0.072), the duration of symptoms (p= 0.222), site of primary tumor (p=0.196), pathologic fracture (p=0.689), anatomic location (p=0.545), pathological types (p=0.212), surgical methods (p=0.072), LDH level at diagnosis (p=0.177), and ALP level after metastasis (p=0.064) ( Table 2 ). Figure 1 . Kaplan-Meier survival curves of 59 metachronous metastatic osteosarcoma patients were stratified by tumor size. Significant differences in survival rate were observed between patients with ≥8cm and <8cm.
Prognostic factors
We used the Kaplan-Meier method to evaluate the survival data, cox step proportional hazard test to analyze the prognostic factors associated with OS of patients with metachronous metastatic relapse. The univariate analysis findings revealed that the following factors negatively affecting OS: male, tumor size≥8 cm, Enneking stage IIB, type of metastasis, lack of curative treatment after metastasis, the elevated level of ALP at diagnosis, ALP and LDH level after metastasis (p<0.05). The multivariate analysis showed that the following factors were independent factors for OS: tumor size (≥8cm vs. <8 cm, HR 3.491, 95% CI [1.282-9.510], p=0.014) (Figure 1 (Table 3) . Kaplan-Meier survival curves of 59 metachronous metastatic osteosarcoma patients were stratified by ALP level at diagnosis. Significant differences in survival rate were observed between patients with the elevated ALP at diagnosis and normal ALP.
Discussion
Metachronous metastatic relapse is a major potential factor for the low survival of osteosarcoma patients who received both radical surgery and standardized chemotherapy [8] . In our present cohort, we included 59 cases of osteosarcoma patients with metachronous metastatic relapse. There were 43 deaths and the median OS was 31 months. Overall, the 2-, 3-, and 4-year survival rates were 69.5%, 40.7%, and 30.5%, respectively. For comparison, the mortality, median OS and survival rate of these patients were much lower than overall osteosarcoma patients, especially those patients without metastasis after radical surgery and standardized chemotherapy. Moreover, our analysis identified that the median OS of EM group (24 months) was significantly shorter than that of LM group (83 months), all these data indicated that the metachronous metastatic relapse was the main factor that seriously threatened the prognosis of patients with osteosarcoma.
Researches showed that osteosarcoma's metastasis mainly throughout the bloodstream [1, 4, 9] . Lung is the organ of blood exchange, and it is also the common metastatic site of most tumors. In our cohort, the lung was the major involved metastatic organ, and 86.4% of patients occurred pulmonary metastasis. Patients with multiple pulmonary metastases had shorter survival and poor prognosis than patients with solitary pulmonary metastasis or other organ metastasis. Most of them have no obvious symptoms. During the follow-up, these patients were diagnosed as distant metastatic osteosarcoma. Therefore, patients should be followed regularly after their standard treatment to detect the metastatic tumor in the early stage. IL-6 and CXCL8 as primary mediators of OS lung tropism and suggest pleiotropic, redundant mechanisms by which they might affect metastasis [10] . Zhang Y and his colleagues found that down-regulation of Skp2 expression inhibits invasion and pulmonary metastasis in osteosarcoma [11] . Overexpression of ONZIN in human osteosarcoma patients was closely associated with pulmonary metastasis, poor prognosis, and survival [12] . In the future, pulmonary metastasis of osteosarcoma patients may be detected in the early stage based on cytokines or special markers and new molecular targeted therapy may be used for osteosarcoma patients with metastatic relapse.
In this study, the male/female ratio was 1.19:1. This may be because male patients are more prone to metastatic relapse. Furthermore, the male gender will accelerate the early metachronous metastatic relapse of osteosarcoma. The result was consistent with the previous study which showed that male patients usually have a worse prognosis than female in the overall osteosarcoma patients [13] . A study analyzed 333 high-grade osteosarcoma patients and found the female patients treated by multidisciplinary combined therapy were correlated with a better outcome than male patients [14] . Hyde Z and colleagues found that higher free testosterone was associated with prostate cancer and lung cancer which are male high incidence of diseases [15] . An up-regulated release of the male hormone may be an important modulator for the metachronous metastatic relapse of osteosarcoma. Recent research has shown that tumor size was a significant prognostic indicator for cancer patients. Simultaneously, a paper found that large tumor size was a vital prognostic factor of widely invasive follicular thyroid carcinoma [16] . Also, tumor size was a reliable prognostic factor for patients with gastric cancer, and the measurement of tumor size would be beneficial to the staging and management of gastric cancer [17] . In a systematic revision of prognostic factors for osteosarcoma, it was found that the presence of metastasis, primary tumor size and site were important prognostic factors [18] . In our study, the median diameter of the tumor was larger than that in previous studies in overall osteosarcoma [4] , 30/34 patients whose tumor size ≥ 8cm were prone to early metastasis, 27/34 patients had a short survival, and tumor size was also an independent prognostic factor for those patients. All these suggested that the prognosis of patients with tumor size ≥ 8cm was extremely poor.
High-grade osteosarcomas are prone to distant metastases, and patients with the high-grade osteosarcoma have a poor prognosis [19] . Our research had come to the same conclusion. Anja Luetke summarized that patients with high-grade osteosarcoma also had poor sensitivity to radiation and chemotherapy [20] . Topkas E found that TXNRD2 may represent a novel druggable target that could be deployed to reduce the development of fatal pulmonary metastases in patients with OS [21] . Shimizu T and his colleagues found that immune checkpoint inhibitors may be an innovative therapy for lung metastases of advanced pediatric solid tumors [22] . In this study, patients who accepted curative treatment had better survival. Although the treatment regimen was not very uniform, and we cannot determine which treatment was more effective, it is necessary to give the appropriate treatment for metastatic osteosarcoma patients. In our survival analysis indicated that the Enneking stage was a prognostic indicator for osteosarcoma patients with metachronous metastatic relapse. Enneking stage is an important factor to guide surgical treatment and affect the survival of osteosarcoma patients [23] . Some researchers had shown that the prognosis of osteosarcoma patients was related to the Enneking stages and distant metastasis [24] . It is shown that the most common site of osteosarcoma is around the knee joint and the most common pathological types of osteosarcoma are conventional types. In our study, we had a similar conclusion that the primary lesion of 81.4% located nearby the knee joint of patients, and tumors located at the distal femur are more prone to distant metastasis. Our analysis showed that early metastasis was more likely to occur in conventional osteosarcoma patients. Conventional osteosarcoma is a highly malignant tumor, while other types such as parosteal osteosarcoma belong to a low-grade tumor and the malignant degree is closely correlated to distant metastasis in osteosarcoma patients [1, 4] .
ALP is a classic enzyme associated with osteosarcoma. The bone-specific alkaline phosphatase (BALP) was analyzed to explore the role of ALP in osteosarcoma [25] . Researchers found that the serum BALP level was related to metastasis of osteosarcoma patients, and a continuously or progressively higher serum BALP level would be considered as aggressive investigation during follow-up. The increased level of ALP was also associated with distant metastasis after surgery in osteosarcoma patient [26] . Osteosarcoma patients with different level of ALP were analyzed to reveal the phenomenon that the risk of metastasis would increase when the level of ALP elevated [27] . The level of ALP is related to the prognosis of osteosarcoma patients [28, 29] . In the meta-analysis, high serum ALP level was apparently related to poor survival rate and presence of metastasis at diagnosis [30] . Our data also suggested that high-level ALP in osteosarcoma patients may lead to early distant metastasis and short-survival. It was also an independent prognostic factor. LDH is an enzyme involved in cancer metabolism [25] . Higher serum LDH and the presence of metastatic tumor made a negative effect on the prognosis for osteosarcoma patients [31] . A meta-analysis revealed that higher serum LDH level was obviously related to worse overall survival probability in osteosarcoma patients, and it was an effective biomarker of prognosis [32] . In our analysis, higher LDH was associated with shorter survival after metastasis.
Osteosarcoma patients with these characteristics, such as tumor size ≥8 cm, multiple pulmonary metastases, elevated ALP level at diagnosis that might be easy to develop to distant metastasis after standardized treatment and have a poor prognosis. These patients may be less sensitive to traditional treatment method. Therefore, whether we can explore specific treatment plans for such patients remains to be investigated in the future clinical treatment process.
Taking into the morbidity of osteosarcoma, the standard of treatment, and the limitations of the enrolled patients, this study only analyzed the clinicopathological features and prognostic factors of 59 cases of osteosarcoma patients with metachronous metastatic relapse. To seek potential mechanisms of metachronous metastatic relapse, especially the early metachronous metastatic relapse and take effective methods to prevent metastasis or delay the metastasis to improve the overall survival of osteosarcoma patients. Future studies should be conducted with multi-center cooperation for a wider range of retrospective or prospective studies to obtain a more reliable theoretical basis for the risk of metastasis and prognostic factors in osteosarcoma patients.
Conclusion
Osteosarcoma patients with metachronous metastatic relapse have some features that can be effective predictions for a possibility of early metastasis and the prognosis of the patients. Although the precise mechanisms of metachronous metastatic relapse remain poorly understood, the results of our study might promote to future investigate for osteosarcoma patients with metachronous metastatic relapse.
